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Introduction. 


Apart from the work of Schaefer (1921), Lundstrom and Bard (1932), Parker 
(1933, 1936), and that of Parker and Porter (1934), no research has been done on 
the colour-changes of Hlasmobranch fishes. Schaefer recorded absence of colour- 
change for the Batoids, Raja clavata and R. batis, whilst the other authors studied 
the colour-change process in the Selachian, Mustelus canis. It has been established 
that if this fish be placed in a dark-walled tank, the pigment of the dermal 
melanophores is dispersed, and the animal becomes dark in colour so as to 
resemble the background. The process of darkening takes about one hour. If 
the eyes of M. canis be removed, the fish becomes much darker than under any 
other circumstances, and does so much more quickly (Parker and Porter, 1934). 
In addition, Lundstrom and Bard have shown that the dispersion of pigment in 
the dermal melanophores is due to the action of a hormone secreted by the pars 
intermedia of the pituitary gland. When placed in a white-walled tank, Mustelus 
becomes light in colour, the condition of maximum lightness being attained in 
about two days. The light phase is caused by contraction of the melanophores, and 
Parker and Porter have shown that this contraction can be caused by nervous 
action. 

Schaefer (1921) records that, when either Raja batis or Raja clavata is placed 
in dark-walled or light-walled tanks for a long period (“längerem Aufenthalt”) 
no colour-change occurs. Unfortunately he did not mention the exact duration 
of the experiment. However, Parker (1933) has carried out the above procedure 
with Raja erinacea and has gained definite colour-changes after periods of nine 
to twelve hours. 

The Batoids, Urolophus testaceus and Trygonorrhina fasciata, were the types 
used by the writer. The work on T. fasciata was carried out at the Sydney 
University Marine Biological Station at South Head, Port Jackson. The writer 
wishes to express his gratitude to Miss Burns, of the Zoology Department, for the 
photographic work which illustrates the results of these experiments. 


Observations on Urolophus testaceus. 

The rays were caught by spearing through the pectoral fin. The mutilation 
involved would not affect the specific problem in hand, since even extensive 
injury to the brain in Mustelus canis did not affect the colour-change process 
(Lundstrom and Bard, 1932). All the specimens of Urolophus testaceus seen by the 
writer have been of a uniform sandy colour on the dorsal surface when taken from 
the water. In this condition the dermal melanophores are in a moderately 
contracted state (Plate xvi, fig. 1). Two rays of the colour described were placed 
in a black-walled tank, illuminated from above, whilst a third ray was blinded by 
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removal of the eyes, and placed in another tank. After four hours, no change in 
colour could be seen in any of the rays, not even in the blinded ray which would 
be receiving the maximum possible stimulus to turn black. Unfortunately it was 
impossible to keep the rays alive beyond this period. However, with a second 
batch of rays it was found that on injection of 0:4 c.c. of Burroughs Wellcome’s 
infundin (pituitary posterior lobe extract, containing a melanophore-expanding 
hormone), a not particularly marked darkening of the skin on the dorsal surface 
was obtained one and a half to two hours after injection. That this darkening 
was due to expansion of the dermal melanophores is seen in Plate xvi, fig. 2. 
Comparison with Plate xvi, fig. 1 shows that the expansion is not great. 


As the melanophores were expansible it seemed desirable to test the possibility 
of the pituitary gland elaborating an expanding hormone. 


To check up on this point, the following procedure was carried out: 

(1) Extracts were made from the pituitaries of rays by crushing up two 
pituitaries in 1:0 c.c. of Ringer’s solution. 

(2) Three dry, well illuminated jars were taken and into each was placed a 
pair of frogs (Hyla aurea). After four hours in these jars all six frogs were 
bright green and golden in colour. 

(3) In two jars one frog of each pair was injected with 0-5 c.c. of the ray 
pituitary extract, whilst one frog from the third jar was injected with 0-4 c.c. of 
infundin. At the end of an hour and a half each of the injected frogs was black 
in colour, whilst the uninjected controls were still green and golden. 

The darkening of the frogs’ skin was found to be due to expansion of the 
dermal melanophores. In Plate xvi, figure 3, is shown the unexpanded melanophores 
of a control, whilst figure 4 shows the expanded melanophores of one of the frogs 
injected with ray pituitary extract two hours after injection. 

This shows conclusively that a melanophore-expanding hormone is elaborated 
by the pituitary of Urolophus testaceus. 


Observations on Trygonorrhina fasciata. 

Two specimens, both of a browny-buff colour with grey markings, were placed 
one in a white-walled tank and the other in a black-walled tank. Both tanks were 
illuminated from above. At the beginning of the experiment a small piece of 
skin was removed from the dorsal surface of each ray, and fixed. On examination 
it was found that the dermal melanophores in this fixed material from each 
animal were expanded. In Plate xvi, figure 5, is seen the condition of the 
melanophores of the ray which was immediately afterwards placed in the white 
tank. After seventeen hours the ray in the white tank was very slightly paler 
than that in the black tank. Again homologous pieces of skin were taken from 
each ray, fixed, and examined. The state of expansion of the melanophores of the 
ray from the dark tank was found to be the same as at the beginning of the 
experiment, but the melanophores of the ray from the white tank were found to 
have contracted a little (Plate xvi, fig. 6). Thus T. fasciata can respond to change 
in tint of the background, only by a very slight change in colour. The darker ray 
was then killed, its pituitary was removed and an extract made from it by 
crushing up in 1:5 c.c. of Ringer’s solution. One cubic centimetre of this extract 
was then injected into the light ray which had been replaced in the white tank. 
After two hours the ray had become slightly darker in tint. A preparation of a 
homologous piece of skin fixed at this stage showed that the melanophores were 
fully expanded (Plate xvi, fig. 7). Clearly the dark phase of the fish is caused 
by the expansion of the melanophores, whose expanded condition in turn is due 
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to the action of a pituitary hormone, whilst the light phase is caused by the 
contraction of the melanophores. 


Discussion. 


The experiments on Urolophus testaceus show: 

(1) That its melanophores are expansible. 

(2) That a melanophore-expanding principle is elaborated in the pituitary 
gland. Probably U. testaceus, therefore, is capable of a slow colour-change in 
response to change in environmental colour, as is Raja erinacea and Trygonor- 
rhina fasciata. It is clear that in Urolophus and Trygonorrhina the dark phase 
is due to the action of a pituitary hormone. Parker and Porter, and Lundstrom 
and Bard are also agreed that this is so in Mustelus. But Parker and Porter 
consider that the light phase is caused by “the action of contracting nerve fibres 
on the melanophores, an action which when excessive may overcome that of the 
expanding mechanism”. However, when Mustelus is hypophysectomized, the animal 
rapidly becomes pale, and remains so, unless pituitary extract is injected. This 
suggests that the action of the melanophore nerves is tonic, tending always to 
contract the melanophores, whilst the presence of a sufficient quantity of expanding 
principle in the tissue fluid bathing the melanophores overcomes this contracting 
influence, and expansion results. Thus the true picture of the colour-changes in 
Elasmobranchs appears to be a reflex stimulation of the pituitary, due to the 
visual stimulus of a dark background, causing a heightened production of expanding 
hormone, and so melanophore expansion. The visual stimulus occasioned by a 
white background results in a decrease in production of expanding principle, the 
concentration in the blood falls, unmasking the contracting action of the melano- 
phore nerves, and so the light phase is attained. 


Summary. 

(1) Probably Urolophus testaceus can alter its colour, as its dermal melano- 
phores are expansible, and a melanophore-expanding hormone is produced by its 
pituitary gland. 

(2) Trygonorrhina fasciata is capable of changing its colour to a very slight 
degree in response to change in tint of the environment. 

(3) The dark phase of T. fasciata is due to expansion of the dermal melano- 
phores, which expansion is caused by a pituitary hormone. The light phase is 
due to the contraction of the melanophores. 

(4) It is considered that probably the light phase in Elasmobranch fishes is 
caused by tonic nervous action tending continually to contract the melanophores, 
which contracting action is revealed when the concentration of expanding hormone 
in the blood falls, due to diminution of the rate of secretion by the pituitary 
gland. 
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Melanophores in skins of Urolophus testaceus (figs. 1, 2), Hyla auiea (fgs. 
and Trygonorrhina fasciata (figs. 5, 6, 7). 


